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ABSTRACT. Calponin (h1 or basic) is an actin-binding protein that is expressed abundantly in smooth muscle. Our previous study using
hl calponin-null mutant mice demonstrated that h1 calponin inhibits the shortening velocity of smooth muscle contraction without sig-
nificantly affecting the amplitude of force production. Furthermore, early onset of osteogenesis and increased bone formation have been
reported in mutated mice. In the present study, we examined the effect of h1 calponin depletion on the metabolism and behavior of mice
and found that the mutated mice showed increased locomotor activity, as well as increased intake of food and water, associated with the
decreased number of neurons in the paraventricular nucleus of the hypothalamus (PVN).
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H1 calponin is an actin-binding protein that inhibits actin-
activated myosin ATPase activity in vitro [6]. Although hl
calponin is widely used as a smooth muscle-specific marker,
evidence has been accumulating that this protein is
expressed in other types of cells, such as Ito cells, neuroblas-
tomas and osteosarcomas [5, 7, 8]. For example, one study
of non-smooth muscle cells revealed that hl calponin sup-
pressed bone formation [9]. However, the role of hl calpo-
nin in other non-smooth muscle cells has been scarcely
understood. During the course of our studies on smooth
muscle contractility in hl calponin-deficient mice [3, 10],
we noticed that the mutated mice were more active than the
wild-type mice. We report on this observation herein.

We first examined food and water intake in the wild-type
and h1 calponin gene-deficient mice (C57BL/6-CNhI™5s),
Homozygous mutated mice were generated as reported pre-
viously (9). Twelve-week-old male mice were used. For 2
weeks, the amounts of food and water intake were measured
every 4 days after the mice had become habituated in indi-
vidual cages. All mice were housed under constantly con-
trolled environmental conditions (room temperature: 23 +
1°C, lights on from 07:00 to 19:00). As shown in Fig. 1,
food and water intake were significantly increased in the
mutated mice. During the course of the experiments, the
increase in the body weight of the mutated mice did not dif-
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fer from that of the control mice (data not shown).

We next examined the locomotor activity of these mice.
The locomotor activity of each mouse was monitored with
an infrared counter (Muromachi Kikai, Tokyo, Japan) and
the data were collected as a series of total counts per 30 min-
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Fig. 1. Food and water intake of the wild-type mice (n=5, empty
column) and hl calponin-deficient mice (n=5, filled column).
Each column and vertical bar represent the mean + S.E.M. *;
p<0.05 in Student’s t-test.
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A utes in a microcomputer (9801 VM, NEC, Tokyo, Japan).
The results showed that light-phase locomotor activity was

- % significantly increased in the mutated mice, while dark-
= 12007 T phase activity in the mutated mice was the same as that in
£ 000l the wild-type mice (Fig. 2A). The peak phase of activity
8 was observed at the beginning and end of the dark phase in
Z 800 T either mice (Fig. 2B). _
g Because the hypothalamus is the region that regulates
5 8007 *x feeding and locomotor activity, we performed histological
g 4004 analyses of the hypothalamus of the wild-type and mutated
g mice. The mice were anesthetized with sodium pentobar-
= 2001 bital (50 mg/kg body weight) and perfused intracardially

, I—Y_‘ with 0.85% physiological salt saline followed by a fixative
R T A consisting of 4% paraformaldehyde in 0.1 M phosphate-
Lightphase  Dark phase Total buffered saline (pH 7.4). The brain was dissected out,

immersed in the same fixative for 2 hr at 4°C, and stained
with 0.1% cresyl violet acetate (Sigma, St. Louis MO,
U.S.A.). The slides were observed and photos were taken
under light microscopy. Cresyl-violet-positive cells in the
paraventricular nucleus of the hypothalamus (PVN) and in
the suprachiasmatic nucleus of the hypothalamus (SCN)
were counted on the photos. The results showed that the
number of cresyl-violet-positive cells in SCN was compara-
ble between the wild-type and the mutated mice. In con-
trast, the number of the cells in PVN was significantly lower
in the mutated mice (Fig. 3).

Hypothalamus is a central region that regulates appetite

Locomotor activity (counts)

0 2 4 6 8 10 12 14 16 18 20 2 2 and energy expenditure and PVN- or VMH-lesioned rats are

Time  (h) known to be hyperphagia and obese (1, 11). The locomotor

Fig.2. A: Locomotor activity of wild-type mice (n=9, empty col- activity of PVN-lesioned rats retains a circadian rhythm,
umn) and mutated mice (n=8, filled column). Values are the meanwhile that of VMH-lesioned rats is disrupted (11). In
sums of light and dark phase counts. Each column and vertical the present study, h1 calponin gene-deficient mice displayed

bar represent the mean £ S.E.M. *; p<0.05 in Student’s ¢-test. B:
Averaged (£ S.E.M) daily pattern of locomotor activity of the
same mice (open circle, wild type; closed circle, mutated mice).

A

hyperphagia, associated with the decreased number of cre-
syl-violet-positive cells in PVN. The mutated mice, how-
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Fig.3. A: Microscopic images of cresyl-violet-positive cells in PVN (upper: wild-type mice; lower: mutated mice). B: The number of
cresyl-violet-positive cells in 0.01 mm? in PVN and SCN of wild-type (empty column, n=6) and mutated mice (filled column, n=7).
Each column and vertical bar represent the mean + S.E.M. *; p<0.05 in Student’s ¢-test.
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ever, were not obese. The locomotor activity of the mutated
mice was higher than that of the wild type mice, which
might have resulted in higher energy expenditure and
escaped obesity. The result that the mutated mice were still
more active in the dark phase than in the light phase may
suggest that the hyperphagia is mediated by the impairment
of PVN, but not VMH. On the other hand, it has been
reported that the feeding is also controlled by gastrointesti-
nal contractility through vagal afferent fibers [2], and our
previous study showed that smooth muscle from calponin
gene-deficient mice indicated a higher cross-bridge cycling
rate than that from the wild-type mice [3]. Therefore, it is
possible that the change in smooth muscle contractility of
the gastrointestinal tract influenced the food intake in the
mutated mice. Further studies are needed to identify the
precise role of hl calponin in mammalian feeding behavior.

This work was supported by Grant-in-Aid for Scientific
Research from the Ministry of Education, Science, Sports
and Culture, Japan.
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